Abstract
Introduction
The DS-CDMA system developed by Qualconim [l] has a chipping rate of 1.23 MHz and was designed for operation in service areas with quite large RIIS delay spreads. Wideband channel sounding nieasureinents in the UK have indicated smaller RMS delay spreads than those present in equivalent operational environments in the US, due to differences in the scattering volume.
Consequently, this spreading bandwidth would be insufficient t o provide a significant degree of path diversity. At the other extreme, the system proposed by SCS R/lobileconi Inc.
[ 2 ] has a chipping rate of 23 MHz, which would be able t o deal with a ivicler range of mobile radio channel characteristics but with a corresponding increase in system cost and complexity.
This contribution aims t o develop understanding of the effects of altering the chipping rate and hence provide further recommendations for the optimum channel bandwidth for DS-CDMA mobile radio systems, when deployed to meet the needs of 3'd generation systems.
Internal Diversity
The wideband mobile radio channel response call be represented by multiple impulses having real positive amplitudes ( P k ) used t o recover incoming signal and a locally generated copy of the spreading code is available, the common RAKE receiver architecture (shown in Figure 1) is used. This is a pre-detection diversity combining architecture and thus requires co-phasing of the indiividual diversity signals. Its functionality can be increased further by using programmable delay blocks allowing tracking of more distant, but strong, multipath components.
If a digital matched iilter is used t o perform the secondary demodulation then a different architecture needs t o be used, since a local copy of the sprealding code is not directly available. A correlation threshold within the matched filter needs t o be specified t o produce a timing pulse for the master demodulator, this can then be delayed and passed to slave demodulators allowing processing of other multipath signals. This post-detection diversity combining architecture does not require that the iiidividual diversity signals be co-phased.
Whichever technique is chosen, in order t o fully appreciate the benefits of using internal diversity in the form of a RAKE receiver it is necessary to have a systemspecific understanding of the mobile radio channel.
To determine the signal fading characteristics of all diversity signals for any givcn chipping rate it is necessary t o have complete knowledge of all rays arriving at the receiver's antenna; that is amplitude, phase, excess time-delay and arrival angle. Since this could require an infinite chipping rate it is a simpler task t o perform system-specific channel sounding measurements. The nieasuren-ients presented in this paper were taken using the programmable channel sounder
. A large number of cross-correlations were recorded for each chipping rate and these vvere then fed into a RAKE receiver simulation package.
Results
Typical cross-correlation cha.nne1 responses are shown in Figures 2 and 3 . These diagrams illustrate two important points about the effect of altering the chipping rate; the signal variabilit,y of the first diversity signal reduces with higher chipping rates, while the amount of multipath activity in the other diversity branches increases. This is discussed in greater detail in [4] . In Figure 5 with a single diversity signal at 1.25 MHz there is no noticeable reduct>ion in the signal variability when compared with the value derived for the Rayleigh probability density function in equation 4. 5 Future Work
Wideband Channel Model
Many of the observed efferts noted in this paper and in [4] can be explainrd using the following wideband channel model. The development of such a model is 6: ssential t o enhance current understanding of wideband propagation for DS-CDMA applications. Results will be presented in future publications comparing siinulation and actual measurements.
From the complex lowpass impulse response given by Equation 1. the Saleh [6] model is derived. -4lthough this model was originally intended t o model the indoor inultipath environment, it is equally applicable to outdoor mult,ipath propagation models after suitable niodification.
The model assumes that rays arrive in dusters (evident from studies of typical urban radio channel impulse rcspoim's? such as the one shown in Figure 6 taken using a mideband correlation sounder in the City of Bristol). The arrival times of the first rays of the clusters are modeled as a Poisson arrival process with a fixed rate A. TT;ithin each cluster, subsequent rays also arrive according to a Poisson arrival process with a fixed rate A. Typically, each cluster consists of many rays, i.e.:
X >> A. Thus the process can be described by t,he following t,wo independent inter-arrival exponential probability functions
For the purposes of computer simulation the arrival References times can be generated using the following transformations :
where RND( 1) is a standard computer-generated uniform probability distributiom over [O, 11. Thus, the generated complex lowpass impulse response is given by :
The first diversity signal contains a portion of the first cluster of rays and clearly, with increasing signal resolution, will become more deterministic. Additional diversity signals will not necessarily be synchronized t o the start of a cluster and will therefore have less predictable characteristics. Signal strengths for the individual diversity signals will be dictated by the intercluster and intra-cluster decay rates.
This channel model thus allows the designer t o specify the impulse response and predict the effect of altering the chipping rate of the system and thus determine the optimum spreading bandwidth.
